subjects, that bedside trans-abdominal gastric ultrasonography is a feasible imaging tool to qualitatively and quantitatively assess the gastric content in the perioperative period. Furthermore, Arzola and colleagues 25 have recently studied the learning curves in a group of anaesthesiologists performing the technique in male volunteers, and suggested the amount of training required to achieve competence in this new skill. If applicable to pregnant women, this tool may contribute to guide clinical practice and decision making in both elective and emergency situations in obstetric anaesthesia. However, it is unknown whether the competence achieved by anaesthesiologists in non-pregnant subjects can be transferred to the obstetric population. The purpose of this study was to investigate the reliability of qualitative bedside US assessment of the gastric content performed by anaesthesiologists on third trimester pregnant women.
Methods
After approval by the Research Ethics Board of Mount Sinai Hospital (Toronto, Canada), we conducted this observational cohort study of a group of anaesthesiologists performing qualitative US assessment of the gastric content in term pregnant women. Written informed consent was obtained from all the participants (anaesthesiologists and third trimester pregnant women). The study was registered at ClinicalTrials.gov (NCT01564030). We followed the Guidelines for Reporting Reliability and Agreement Studies (GRRAS statement) in conducting and reporting our investigation. 26 The participating raters consisted of three anaesthesiologists previously trained in qualitative US assessment of gastric content in human male volunteers 25 followed by 1-year of experience practicing the technique regularly. The inclusion criteria for the rated subjects were non-labouring pregnant women ≥32 weeks gestational age; ≥18 years; ASA physical status I-III; weight 50-120 kg; height ≥150 cm; ability to understand the rationale of the study assessments and written informed consent. Exclusion criteria were diabetes, a history of upper gastrointestinal disease (including hiatus hernia), and previous surgical procedures on the oesophagus, stomach, or upper abdomen. Subjects were recruited on the day preceding the study assessments. Following an overnight fast of at least 8 h, subjects were randomized into one of the three groups: (a) Empty Group: to remain fasted until completion of the assessments; (b) Clear Fluids Group: to drink 250 ml of apple juice 5 min before the assessments; (c) Solid Contents Group: to eat a meal comprising a small muffin and coffee with cream or milk between 5 and 15 min before the assessments. Randomization was performed in blocks of six subjects (two subjects per group) using a computer-generated list of random numbers. Group allocation was concealed from the raters using sealed opaque envelopes, which were prepared and kept by an independent research assistant.
Assessments
The anaesthesiologists were asked to make a qualitative US diagnosis among three distinct gastric content groups (empty, clear fluids, or solid contents) completing the diagnostic task in no more than 10 min. The time to complete the task was recorded from the first contact of the US probe with the patient's skin until the diagnosis was made and declared to the research assistant, which included the US examinations in both supine and lateral decubitus. At each session, the US examinations were started 5 min after the subjects completed the ingestion. The assessment sessions were paused every 15 min for a top-up of clear fluids (100 ml) to the subjects allocated to clear fluids, which was done in a blinded fashion. The purpose of this 'top-up' of clear fluids was to maintain similar examination conditions to all raters because of possible rapid gastric emptying of clear fluids in a fasted subject. The three raters carried out independent assessments in a random sequence. They were blinded to group allocation and to the other raters' findings. The rated subjects represented independent data points.
A standardized technique was performed with a portable US system equipped with a 5-2 MHz curved-array transducer (M-Turbo TM , SonoSite Canada, Inc., Markham, ON, Canada). Subjects were first placed supine and then in the right lateral decubitus, always in a 458 semi-recumbent position. In both of these positions, fluid or semi-fluid content gravitates preferentially to the antrum, and air or gas is displaced proximally towards the body or fundus, thus facilitating antral sonography. 20 The examination focused on the antrum, which is the portion of the stomach most amenable to US imaging because of the consistent shape, location, and least amount of air content. Both positions were part of the same continuous diagnostic process, and we did not consider them two different diagnostic modalities. The gastric antrum was imaged in a sagittal to right parasagittal plane between the left lobe of the liver and the pancreas, at the level of the aorta or inferior vena cava (Fig. 1) . A detailed description of the US technique and ultrasonography characteristics of gastric antrum content has been reported recently. 27 If the fluid content was observed only in the lateral decubitus, but not in the supine position, it was considered to be residual gastric secretion (Grade 1 antrum) and the diagnosis was of an empty stomach. In contrast, if fluid was observed in both supine and lateral decubitus, the diagnosis was of a stomach containing clear fluids (Grade 2 antrum). The antrum is completely empty if no fluid is observed in both positions (Grade 0 antrum). 21 
Study outcomes
The primary outcome was the consistency of raters in diagnosing the correct status of the gastric content, which was used to determine the interrater reliability among the three anaesthesiologists. Secondary outcomes included the overall proportion of correct and incorrect US diagnoses, and the specific proportions of correct diagnosis per gastric content groups.
Statistical analysis
We followed the statistical methods recommended by the Guidelines for Reporting Reliability and Agreement Studies Bedside gastric ultrasound in pregnancy (GRRAS) statement. 26 To determine interrater reliability, we considered reliability with the implicit idea of 'trustworthiness' beyond mere agreement alone. In this context, the primary outcome was analysed through Cohen's kappa, which represents the consistency of raters in diagnosing the correct status of the gastric content. Furthermore, to express the relative importance of different types of disagreement (e.g. empty vs solid), we performed a weighted kappa analysis using linear and quadratic weighting. 28 We adopted the classification The secondary outcomes evaluated the overall proportion of correct and incorrect diagnosis and also the specific proportions of correct and incorrect diagnosis across the various gastric content groups. We assessed the effect of the gastric content groups on the duration of US examinations, which was determined using a GEE approach (generalized estimating equations method) accounting for the correlated data.
Furthermore, we compared the odds of a correct diagnosis among gastric content groups. This analysis was conducted using multiple logistic regression models with the GEE approach for correlated data. The covariates included for the full model were the gastric content group, BMI, weight, and gestational age. The results (odds of correct diagnosis) were based on the final model derived by backward procedures.
Our sample size of 32 subjects was calculated considering four possible categories (empty, clear fluids, solid contents, inconclusive). According to Cicchetti and Fleiss, 30 31 the sample size (n) when the number of categories (k) ranges from 3 to 10 is determined by n¼2k 2 (total¼32 subjects). Contrary to Carp and colleagues, 9 who were unable to identify the stomach in 40% of the subjects, our raters were able to visualize the antrum and to make a diagnosis in all subjects, without the need of using the inconclusive category. Therefore, the analysis was still carried out in the entire sample size of 32 subjects but considering only three categories (empty, clear fluid, solid). Descriptive statistical methods were used to describe the study population. The statistical analyses were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC), R 10.2 (http://www.rproject.org/) and STATA/IC for Mac, Release 13.0 (StataCorp, College Station, TX, USA). A significance level of ,0.05 was used without multiple comparison adjustment.
Results
The study recruitment was conducted from April to June 2012. The cohort of three anaesthesiologists completed all the US examinations. The allocation of subjects to the gastric content groups was 'empty' (n¼10), 'clear fluids' (n¼10), and 'solid contents' (n¼12). The subjects' characteristics were: mean age of 32 (range 20-44) years, mean (SD) weight of 91 (18) kg, height of 164 (7) cm, BMI of 34 (6) kg m 22 , and gestational age of 35 (1) weeks. There were no significant differences among subjects' characteristics across the three gastric content groups (P-values ≥0.05 for all comparisons).
Primary outcomes
The interrater reliability demonstrated substantial agreement (kappa statistic of 0.74, bias corrected 95% CI: 0.68 -0.84). Similarly, the reliability between each rater and the other two raters combined was substantial or near-perfect (rater 1: 0.66; rater 2: 0.83; rater 3: 0.75; P-values ,0.0001). To apply greater emphasis to disagreements in diagnosing the 'solid contents' group, we further analysed the results through weighted kappa and the interrater reliability was not significantly altered (kappa: 0.65; 0.81; 0.78; P-values ,0.0001).
Secondary outcomes
There was a pool of 96 possible outcome diagnoses: 30 'empty', 30 'clear fluids', and 36 'solid contents'. The overall proportion of correct diagnosis was 87.5% (84/96). An incorrect diagnosis occurred more frequently in subjects of greater weight, greater BMI, and more advanced gestational age ( The duration between the 'empty' and the 'solid contents' groups was not statistically different. Nevertheless, the length of the US examination was not significantly associated with the incidence of an incorrect diagnosis (P¼0.38; Table 1 ).
Although the specific proportions of correct and incorrect diagnosis across the three gastric content groups displayed no statistical differences (Table 2 ; P¼0.052), when comparing the odds of correct diagnosis through multivariable analyses adjusted by BMI, weight, and patient age, the odds of correct diagnosis for 'solid contents' were 16.7 times the odds of correct diagnosis for 'empty', and 14.3 times the odds of correct diagnosis for 'clear fluid' (Table 3) . Finally, the odds of correct diagnosis were not affected with increasing gestational age when adjusted by BMI.
Discussion
Our results confirm the consistency of the qualitative US assessment of gastric contents of pregnant women in the third trimester by anaesthesiologists. A kappa of 0.74 means that the raters account for 74% of the agreement over and above what would be expected by chance alone. This value suggests 'substantial agreement' in terms of interrater reliability for this diagnostic measurement.
We were able to visualize the antrum in all studied subjects, and therefore the raters were in a position to make a diagnosis of the gastric content. This is in contrast with previous studies that looked at the gastric content of labouring and nonlabouring pregnant women, and also in the postpartum period. 9 32 With the US technology available at the time, those studies were not able to visualize the empty stomach in many of their subjects. While they consistently identified solid contents in the stomach immediately after and for several hours after a full lunch, an empty stomach was not identifiable unless ingestion of water could be seen in real-time streaming into the stomach to indicate its location and make it visible on US. They concluded that the reduced ability of US to identify the stomach in parturients would severely limit the clinical utility of this technique in this population. Subsequently, gastric US assessment continued to be used in pregnant women mainly as a tool to study gastric emptying under various circumstances. 10 11 33 The current US technology has allowed further advancement in refining and broadening the scope of this diagnostic tool. 20 -24 27 Furthermore, the feasibility of training anaesthesiologists to incorporate this tool as part of their skill set has been recently demonstrated. 25 While our study shows the reproducibility and consistency of this relevant finding, it also confirms and validates its use in the pregnant population. Although we had anticipated more technical difficulties to identify the stomach in pregnant women because of the presence of the gravid uterus, these difficulties were effectively overcome throughout the assessment period. Of note, women with increased BMI and gestational age were more prone to result in incorrect diagnosis. However, when the odds of a correct diagnosis were adjusted by BMI, the effect of gestational age was not statistically significant. Further research is warranted to determine the effect of anthropometrics and patients characteristics on gastric ultrasonography. Nevertheless, some particularities of the examination in pregnant women are worth describing. All portions of the stomach tend to be displaced upwards and more to the right when compared with the non-pregnant subjects. Furthermore, positioning the patient in a complete right lateral decubitus seems to be more crucial, as a slightly less tilted position rendered worse examination conditions. However, we believe that an adequate understanding and familiarization with the scanning process in the adult non-pregnant population is a prerequisite before attempting this more challenging setting. The performance of any diagnostic instrument requires valid and reproducible assessments. While validity relates to results corresponding to the true state, reproducibility addresses the reliability and agreement in terms of obtaining similar results of a stable phenomenon assessed by different individuals. 34 In our study, the interrater reliability established the consistency of raters in differentiating among different gastric content groups under similar assessment conditions. Several factors can influence the reliability of a diagnostic test as evaluated by the kappa statistic. These factors include the prevalence of the 'condition', the presence of bias in the assessments and possible non-independence of ratings. We tried to minimize the influence of these factors as follows: (a) the prevalence of the target condition was controlled by using a comparable number of rated subjects allocated into the three distinct gastric content groups and the adherence to a strict protocol; (b) bias was controlled by proper allocation concealment and randomization of the raters and study subjects; furthermore the 95% confidence interval was calculated with statistical bias correction and we performed weighting analysis to determine possible rating trends; (c) moreover, the strength of our results is also based on the independent US examinations and rated subjects. The overall and individual rater magnitudes of kappa are within the range of substantial agreement with a narrow confidence interval, even with a plausible 'true' value in the area of near-perfect agreement (kappa¼0.84).
The clinical implications of misdiagnosis are critical for the decision-making process. One important limitation of the unweighted kappa is that all rating disagreements are statistically treated equally, whereas weighted kappa allocates different weights to the disagreements according to their relative importance in the clinical context. We therefore further analysed the ratings by weighting the categories based on the clinical relevance of misdiagnosis. 35 We assumed that the misdiagnosis of a solid content would be the most relevant in clinical practice. Even in doing so, the resulting weighted kappa remained stable, confirming the adequate discrimination and consistency of the measurements. Furthermore, the multivariable analysis adjusted by patient characteristics confirmed the favourable odds of having a correct diagnosis in the solid content group in comparison with the empty and clear fluid groups.
Our study presents some limitations. Firstly, there was no baseline US examination to rule out residual gastric contents or protocol violation before randomization. Although the internal validity may be compromised, gastric emptying in nonlabouring pregnant women after 8-10 h fasting should most likely render an empty stomach as previously demonstrated. Secondly, stability of the attribute being rated is critical when repeated ratings are conducted. 35 Although we provided a top-up of fluids after 15 min in the clear fluid group in an attempt to provide similar conditions to all raters, this may have introduced bias in the assessments before and after this time point despite the randomization of the examination sequence. Thirdly, our three raters were anaesthesiologists already trained in bedside gastric US; therefore, the results may not be extrapolated to other physicians. Finally, although our study results show consistency of the technique, they have to be understood in the context of strict study conditions such as equally distributed gastric content groups (prevalence), standardized solid meal, US examinations after recent ingestion. These conditions may not necessarily resemble all types of challenging clinical scenarios that require an accurate diagnosis.
In conclusion, we confirmed the consistency of the qualitative bedside US assessment of the gastric content of pregnant women in the third trimester performed by anaesthesiologists trained in the technique. While this finding is encouraging, at the present time, the idea of using gastric US as a clinical tool for bedside aspiration risk assessment still demands further investigation.
